Introduction: To the best of our knowledge, this is the first multifaceted study from Iran that has evaluated the adverse drug reactions (ADR), drug-drug interactions (DDIs), and patient adherence to highly active antiretroviral therapy (HAART) regimen collectively. The HAART regimen is the most effective regimen in the treatment human immunodeficiency virus (HIV). However, this regimen is associated with ADRs and lack of adherence as well as DDIs.
Introduction
Over the past two decades, human immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS) has become a global epidemic, with political and economic consequences [1] .
Based on the available data from the World Health Organisation (WHO), 35.5 million people are living with HIV, out of whom 1.6 million people died of AIDS-related diseases at the end of 2012 [2] . Based on the data of case registry system, a total of 30,727 people living with HIV had been identified in Iran by March 2015, and by September 2012, out of 28,000 Iranian HIV-positive patients eligible for antiretroviral therapy, only 3558 of them had received antiretroviral therapy [3] .
In this regard, one of the most important factors in patients' non-adherence in taking these medications and discontinuation of highly active antiretroviral therapy (HAART) regimens is due to its adverse effects [4] .
So far, more than 25% of patients discontinue treatment regimen during the first year, due to adverse drug reactions (ADRs) [5] . Antiretroviral therapy can cause a wide range of common ADRs, including gastrointestinal adverse effects such as: bloating, nausea, and diarrhoea, to more dangerous adverse effects such as anaemia, peripheral neuropathy, and hypersensitivity reactions [6] . Hepatotoxicity in about a third of patients with HIV occurs after starting HAART. In general, ADRs of HAART significantly affect the patient's quality of life and adherence to the treatment regimen [7] . However, the effectiveness of this treatment is directly related to the patients' adherence to the treatment regimen [7] .
On the other hand, drug-drug interactions (DDIs) in HIV patients treated with HAART are important issues amongst these patients [8] . Drugs used to treat HIV are often susceptible to DDIs because many of them are metabolised via the CYP450 system, especially isoenzymes CYP3A4, CYP2D6, and CYP2C9/19, through which many medications are metabolised [9] .
In spite the importance of this issue in HIV-positive patients, few studies have been conducted in Iran so far [2, 6] . Consequently, in this multifaceted study, the incidence of adverse effects of HAART, drug interactions, and also compliance of HIV-positive patients who referred to the Shiraz HIV/AIDS Research Centre were simultaneously investigated.
Material and methods

Patient selection
This prospective cohort study was carried out over a period of six months from October 2014 to March 2015 on 200 patients with AIDS who referred to Shiraz HIV/AIDS Research Centre affiliated with Shiraz University of Medical Sciences (SUMS), Shiraz, southern Iran.
In this centre, patients are treated free of charge by a general practitioner, infectious disease specialists, specialists in clinical psychology, and nurses.
After clinical and laboratory confirmation of HIV-infection, the patient is referred to this centre and uses the services, which includes monthly visits by an infectious disease specialist to determine the appropriate treatment regimen, follow-up, prescription of drugs for one month, as well as behavioural consultation.
In our study, inclusion criteria were as follows: (1) residency in Shiraz at the time of HIV diagnosis, (2) 18 years of age or older, (3) proven HIV-infection via western blot or HIV-1 RNA by PCR, and (4) receiving HAART. The patients were excluded if they did not refer to the centre for at least three months. The patients were followed up for six months. The study protocol was approved by the institutional review board and Medical Ethics Committee of the university and the patients were enrolled after obtaining written informed consent. It was explained that the results will remain confidential and they can withdraw from the study at any time.
Data collection
All the data were recorded by a pharmacist under the supervision of a clinical pharmacist and an infectious diseases specialist during the entire period of the study.
Data including sex, age, education level, marital status, employment status, duration after disease detection, interval between diagnosis and initiation of treatment, the drug reg- imen used, the number of pills consumed in a day, other underlying diseases, other medications, history of depression, alcohol consumption and substances abuse, and a history of imprisonment were recorded. HAART adherence was assessed based on self-report during each visit, which has also been used in similar studies [10] . According to a previous study, patients with an adherence level of less than 95% were considered as non-adherent to HAART regimen [10] .
If for any reason patients had forgotten, had adverse effects, imprisonment, finished tablets, bad taste of the drug, or any other reasons did not take his/her medication, it was recorded. Finally, the ADR of HAART, reported by patients or complications detected by the laboratory results were recorded.
Causality of any ADRs reported by patients were reviewed by Naranjo scale [11] , and definite, probable, possible, or suspected adverse effects were determined. Hepatic laboratory abnormalities were considered as an increase of 10% in the mean plasma levels of hepatic enzymes (normal range: aspartate aminotransferase [AST] ≤ 35 U/l, alanine aminotransferase [ALT] ≤ 40 U/l, alkaline phosphatase [ALP] ≤ 110 U/l, or bilirubin ≤ 22 µmol/l) [12] . Acute kidney injury was defined as an abrupt (within 48 hours), absolute increase in creatinine serum concentration of 0.3 mg/dl (26.4 µmol/l) from baseline: a percentage increase in creatinine serum concentration of 50% or oliguria of 0.5 ml/kg per hour for more than six hours [13] .
Neutropaenia was defined as absolute neutrophil count (ANC) below 1500 cells/µl, thrombocytopaenia was defined as platelet count < 100 × 10 3 platelets/mm 3 , and anaemia was defined as haemoglobin < 13.5 g/dl in males and haemoglobin < 12 g/dl in females [14] .
Drug-drug interactions were examined based on LexiInteract TM software, desktop version (Lexi-Comp Inc., 2008), and based on their importance were classified into five groups (A, B, C, D, X) ( Table 1 ) and the severity of their clinical effects were determined [15] .
Statistical analysis
The normality of the data distribution was checked using the Kolmogorov-Smirnov test. Continuous variables were presented as mean ± SD. Categorical data were shown as percentages. Means of continuous variables were compared using Student's t-test. Χ 2 was used to compare the association between categorical variables. In all statistical tests, a p value < 0.05 was considered as significant. All analyses were performed using SPPS, version 18.0 (SPSS, Inc., an IBM Company, Chicago, Illinois) statistical software.
Results
During the six months of the study 200 HIV-positive patients were enrolled. The mean ± SD age of the patients was 39.5 ± 7.3 years with a range of 20 to 63 years. Demographic information of the patients is shown in Table 2 .
The type and frequency of the prescribed HAART regimens for patients are listed in Table 3 . The mean ± SD of the number of drugs was 8.5 ± 2.4. The most common prophylactic medications was sulfamethoxazole-trimethoprim (43%) followed by isoniazid (8%) and azithromycin (7.5%), respectively.
Adverse drug reaction
A total of 1991 ADR were recorded, and 96.50% of the patients reported at least one ADR. The mean ± SD for the number of ADRs for each patient was 9.9 ± 5.9. Of the total 200 patients in our study, 77 (38.50%) patients reported less than five ADRs, 59 (29.50%) patients 6-10 ADRs, and 64 patients (32%) reported more than 11 ADRs. According to the Naranjo algorithm, all the ADRs reported by patients were possible and probable. The adverse effects of the central nervous system (n = 575, 28.8%), gastrointestinal system (n = 567, 28.4%), and musculoskeletal system (n = 237, 11.9%) were the most commonly reported. Table 4 shows the details of detected ADRs.
HAART related hepatotoxicity was detected in our patients (Table 4) . Elevated aminotransferase that reflect hepatocellular injury was the most common pattern of liver toxicity in our patients. Portal vein thrombosis was observed in one of our patients receiving didanosine as part of the therapy. In case of hepatotoxicity, treatment was discontinued and some modification was made to the HAART regimen.
Also, the total number of ADRs reported with triple therapy consisting of zidovudine, lamivudine, and efavirenz was higher than other drug regimens used. The mean ± SD age of patients who reported at least one ADR was 39.6 ± 7.4 years. Although the adverse effects of fatigue and hypertriglyceridaemia were reported more in patients under forty years old, using the Pearson correlation test a significant relationship was not observed between the number of reported ADRs and age (p = 0.38, R = -0.06). Also, between the number of medications and reported ADRs no significant correlation was observed (p = 0.41, R = -0.05). Based on the χ2 test, by increasing the duration of drug use in patients, the risk of ADRs such as anaemia (p = 0.03), neutropaenia (p = 0.01), and rash (p = 0.01) significantly increased. However, there was no significant association between duration of drug use and the risk of other adverse effects.
ADRs such as vomiting (p = 0.02), rash (p = 0.02), dizziness (p < 0.001), anemia (p < 0.001), elevated triglycerides (p = 0.008), and cholesterol (p = 0.009) were significantly higher in women than in men. However, other adverse effects such as increase in creatinine serum (p = 0.003), hyperbilirubinaemia (p = 0.007), and increased aminotransferases (p = 0.01) were significantly higher in men than in women. In general, a significant association was not found between the number of adverse effects and patient gender (p = 0.14).
Moreover, there was no significant association between the number of adverse effects and underlying disease (p = 0.32).
Drug interaction
Overall, 302 drug interactions, category C, D, and X, were recorded, of which 259 drug interactions (85.8%) were type C, 42 interactions (13.9%) were type D, and one interaction (0.3%) was type X. One hundred and twenty-seven patients (63.5%) had experienced at least one drug interaction (C, D, X), mainly category C (62%). The most common interactions of group C were drug interactions between efavirenz-sulfamethoxazole-trimethoprim (31.66%) and lamivudine-sulfame thoxazole-trimethoprim (31.66%). The most common interactions in group D were drug interactions between efavirenz-methadone (59.52%). The only drug interaction in category X was the concurrent use of didanosine and ribavirin. The severity of interactions was mainly moderate (94.4%) and only 5.6% were major. According to the results of statistical tests, there was a significant association between the incidence of drug interactions and number of administered drugs (p < 0.001 with interaction type C and D), gender (p = 0.002 with interaction type C, p = 0.009 with interaction type D and X), and underlying hepatic diseases (p = 0.003 with interaction type C, p < 0.001 with interaction type D and X). Thus, the risk of drug interactions was significantly higher in men than in women, and higher in patients with underlying liver disease than in those without any hepatic disease.
Adherence to antiretroviral therapy
Eighty patients (40%) had a history of discontinuation of at least one dose of their own medication. The range of duration of not taking medication was from one day to several months. In our study, the rate of non-adherence was 23.7%. The main reasons for this include forgetfulness (43.7%), unavailability of antiretroviral medications (23.7%), and ADR (7.5%).
The most important adverse events that led to non-compliance include: effects on the central nervous system (three cases), gastrointestinal system (one case), dermatological disorder (one case), and anaemia (one case).
The results showed that non-adherence to treatment in men was more frequent than in women. However, a significant association was not found between gender and adherence to treatment (p = 0.28). Also, there was no significant association between age and adherence to treatment (p = 0.67), and there was no significant association between number of pills per day and adherence to treatment (p = 0.52). The lowest rate of non-compliance was reported amongst married patients (24%) compared to singles (46.5%) (p = 0.32). Also, a direct association was observed between level of education and lack of adherence. Thus, the highest non-compliance was reported in illiterate patients (50%). 
Discussion
During this study, about 96.5% of patients experienced at least one ADR, of which 2% discontinued their medications. In our study, most reported ADRs were related to the central nervous system and then the gastrointestinal system. In a cohort study by O'Brien et al., and also one by Khalili et al., gastrointestinal symptoms including nausea, vomiting, and diarrhoea were the most common reasons for discontinuation of treatment in the acute phase of HAART [16, 17] . Perhaps one of the reasons for the insignificant differences between our results and those from Khalili et al. was that most of our patients used regimens containing efavirenz. In the study conducted by Khalili et al., carried out in 2005 Khalili et al., carried out in -2007 , the most commonly prescribed regimens included zidovudine, lamivudine, and nelfinavir [16] . Due to poor compliance with nelfinavir as well as the availability of other drug choices in Iran, this drug was replaced with efavirenz. The most frequent HAART regimen used in our study population was zidovudine, lamivudine, and efavirenz. Efavirenz was usually associated with central nervous system toxicity, which has also been shown in several other studies [18] [19] [20] .
Unlike the study by Mudzviti et al. [21] and the study by Lokhande et al. [22] , in our study the most common adverse effect was not skin reaction. The reason for this could be lack of prescription of nevirapine in the treatment regimen of our patients.
The prevalence of severe hepatotoxicity with initiating HAART regimen was reported as 2-18% in some studies [23] . In our study, the rate of this complication was 23%. The incidence of HAART hepatotoxicity depends on antiretroviral drug and host risk factors [23] . It seems that an increase in liver transaminases is a common adverse effect of lamivudine. This complication is also seen after consumption of zidovudine, didanosine, and efavirenz [24] . Regarding the host factors, severe hepatotoxicity is more frequent in HCV and/ or HBV coinfected individuals who have received HAART. This finding was also confirmed in the present study.
In our study there was also one case of portal thrombosis in a patient who was on didanosine for a long period of time. We postulate that this portal hypertension may be related to didanosine or HIV itself. However, implicating which medication might predispose patients to non-cirrhotic portal hypertension in patients with HIV is difficult. In the French case series and other case reports, exposure to didanosine was reported to be an important cause of vascular injury that led to non-cirrhotic portal hypertension [25] [26] [27] . In our study, unlike Khalili et al., simultaneous use of isoniazid was not a risk factor for liver toxicity (p = 0.25). This could be due to the fact that the number of patients taking isoniazid in our study was lower than that of Khalili's study (8% vs. 35.5%) [16] .
Moreover, metabolic complications such as dyslipidaemia were more common in patients treated with protease inhibitors. In the study of Bacchetti et al. carried out in 2005, dyslipidaemia was reported in about 50% of patients infected with HIV [28] . The lower frequency of this complication in our study (11.5% increase in triglyceride and 9.5% increase in cholesterol), compared to other studies, may be due to not using protease inhibitors in our cohort.
More than half (63.5%) of our study population were exposed to at least one drug interaction (C, D, X). In the study by Rajesh et al. [29] , and Chaitanya et al. [30] , from India, the prevalence of DDI in HIV-positive patients was 65.2% and 87.2%, respectively. The variation in the frequency of DDIs in different studies can be due to the method of DDIs detection, screening, and different study settings.
Regarding the severity of interactions, in our study, the majority of drug interactions (89.8%) were type C, 13.9% of interactions were type D, and only one interaction (0.3%) was type X. In the study by Marzolini et al., on the relationship between concomitant medications and risk of drug interactions in HIV-positive patients, it was concluded that the majority of drug interactions (59%) were type C and only 2% were type X [31] , and with a sequence of severity of interaction similar to our results.
In our study, the most common interactions of D category were interactions between efavirenz and methadone, similar to the results obtained by Farhoudi et al. [2] . A retrospective study showed that starting efavirenz-containing regimens requires an increase in the dose of methadone to prevent withdrawal syndrome [32] . Nevertheless, in the current study, since most patients were receiving antiretroviral treatment for more than one year, they did not complain of any withdrawal syndrome.
In our study, there was a significant association between the occurrence of DDIs and the number of medications and also underlying disease and gender. The results were similar to those of Farhoudi et al. [2] except that the association between occurrence of DDIs and gender was not reported in the Farhoudi et al. [2] study.
Adherence has become one of the most important issues in suppressing HIV virus replication and avoiding resistance to antiretroviral drugs. In our study we used a self-reporting system to assess adherence to HAART regimen in patients, which validates this method that was used in other studies [33] .
There is an acceptable correlation between self-reported drug adherence and HIV-1 plasma viral load, which validates self-reported drug intake in HIV-infected individuals taking HAART [36] . Developing treatment resistance can lead to increased hospitalisation rates, increased health care costs, reduced productivity, families and communities disorder, and increased morbidity and mortality.
In the study by Ioannidis et al. [34] , the rate of non-adherence to HAART was reported between 15-37%. In our study, the rate of non-adherence was 23.7%. The mean rate of non-adherence in Khalili's study was 24.5% [10] .
As mentioned earlier, forgetfulness and incomplete understanding of the medication benefits was one of the main issues for non-adherence to treatment [35] , which is consistent with previous findings [36] . Also, in the study of Hosseini et al., some mentioned psychological reactions such as forgetfulness, hesitation, and exhaustion due to taking HAART create a great challenge for the participants' adherence to treatment [37] .
Silva's study [38] showed that there was no significant relationship between adherence to treatment and age, gender, marital status, and education level. In our study, there was also no significant relationship between these factors and adherence to treatment. However, studies have shown that the number of tablets in the medication regimen is effective in adherence to the regimen [39] . However in our study, the number of pills per day did not show a significant association with adherence.
The present study has some limitations. First, detection of DDIs was only done according to one software package, while more DDIs might be found using other software packages such as Drug Interaction Fact ® . Second, we did not actively attempt to record over-the-counter medications, or traditional and herbal medicines; interactions may occur between these drugs and HAART regimens, which have been not reported so far. Another limitation of this study was that adherence was measured only by self-report, although this method is still one of the most important tools for measuring HARRT adherence.
Conclusions
This first multifaceted study in Iran showed that a significant number of ADRs and DDIs exist in patients receiving HAART regimens. A total of 1991 ADRs were recorded with adverse effects on the central nervous system, gastrointestinal system, and musculoskeletal system. Also, of the 200 patients, 127 had experienced at least one drug interaction. Eighty patients (40%) had a history of discontinuation at least one dose of their own medications. The major cause that led to not taking at least one dose was forgetfulness. It is clear that interventions for enhancing the abilities of HIV-infected patients to cope with HAART regimens are warranted.
Suggestion
It seems that, to evaluate more accurately the level of non-adherence, other methods such as the pill counting method should also be used. OTC-medications and herbal drugs should be considered and evaluated for drug interactions.
